Background: Right ventricular (RV) involvement in acute left ventricular (LV) myocardial infarction (MI) is frequently underestimated in the clinical setting owing to the diagnostic limitations of the electrocardiogram and echocardiography.
Introduction
R ight ventricular (RV) involvement after an acute left ventricular (LV) myocardial infarction (MI) has been shown to be associated with higher morbidity and mortality [1] . The prevalence of RV involvement in acute LV MI reportedly ranges from 50% to 80% in postmortem and animal studies but is frequently underestimated in the clinical setting owing to the diagnostic limitations of the electrocardiogram (ECG) and echocardiography [2] .
Quantitative assessment of RV function is often difficult using the various noninvasive imaging modalities owing to the inherently complex geometry of the right ventricle [3] . Echocardiography remains the most commonly used technique for RV function assessment in clinical practice because of its widespread availability. The myocardial performance index (MPI) of RV based on conventional Doppler echocardiography has been proven to be useful in the evaluation of RV function and recommended as one of the initial quantitative measurements of RV diastolic function and may be a sensitive tool for detecting ''occult'' RV dysfunction in acute LV MI [4] .
Nevertheless, the conventional Doppler-derived MPI has one important limitation, namely, that the interval between the end and onset of tricuspid inflow and the ejection time are measured sequentially and not on the same cardiac cycle. By contrast, tissue Doppler imaging (TDI) can simultaneously measure these important time intervals on the same cardiac cycle, making the TDI-derived MPI superior in the estimation of global RV function [5] .
The aim of the study was to assess RV function in patients with successful primary percutaneous coronary intervention (PCI) for acute anterior ST elevation myocardial infarction (STEMI) without RV infarction and determine factors affecting it.
Patients and methods

Patient eligibility
The current study enrolled 40 patients who underwent successful primary PCI in the Cath labs of Ain Shams University Hospital, Cairo, Egypt for first acute anterior STEMI without RV infarction from December 2013 to June 2014.
Inclusion criteria
All patients with the definite diagnosis of anterior STEMI as per the universal definition [6] were enrolled.
To be eligible, patients had to undergo angiographically successful primary PCI defined as successful deployment of stent in culprit infarctrelated artery (IRA), no residual dissection, and less than 20% residual stenosis in IRA [7] .
Exclusion criteria
Patients with any of the following criteria were excluded from the study: (1) presence of RV infarction defined by an ST-segment elevation of 0.1 mV or greater in lead V4R on ECG at presentation and/or any RV wall motion abnormality detect by echocardiography; (2) previous history of MI or coronary revascularization; (3) persistent hemodynamic instability necessity use of positive inotropes; (4) atrial fibrillation; (5) moderate or severe valvular heart disease; (6) presence of a coexisting clinical condition that might affect RV function, including pericardial disease, chronic lung disease, pulmonary hypertension, or connective tissue disorder; (7) patient with contraindication for coronary angiography such as severe renal impairment, coagulopathy, etc.; (8) patient with significant stenosis (>50%) affecting RV branch or right coronary artery proximal to RV branch; and (9) consent refusal.
Patients who met the inclusion criteria were subjected to the following. (1) Thorough history taking. (2) Full clinical examination: targeted physical examination data were recorded including general and local examination with special attention to vital data and signs suggestive of risk factor for coronary artery disease (CAD), mechanical complications, signs of heart failure, and Killip classification. ( All the image acquirement and analyses were performed by echocardiography expert who was blinded to the patients' clinical data. (1) The LV end-systolic dimension (LVESD) and enddiastolic dimension (LVEDD) were obtained from M-mode recording, from the parasternal shortaxis view. The LV ejection fraction (LVEF) was estimated from the apical four-chamber view using the modified Simpson method. (2) The 16segment model for LV segmentation was used to evaluate regional wall motion abnormalities as recommended by the American Society of Echocardiography [9] . Each segment was assessed individually for systolic thickening and endocardial excursion. Each segment was given a score from 1 (normal), 2 (hypokinesia), 3 (akinesia), and 4 (dyskinetic), and the global wall motion score index (WMSI) was calculated as a sum of all the scores divided by the number of segments visualized. (3) The RV end-diastolic dimension was assessed at the mid-cavity of the right ventricle in the apical four-chamber view. (4) The RV fractional area change (RVFAC) was calculated as the RV end-diastolic area -the end-systolic area/the RV end-diastolic area. (5) The right atrial area (RAA) was estimated by planimetry at the end of ventricular systole. (6) The tricuspid annular plane systolic excursion (TAPSE) was measured from the apical four-chamber view at the RV free wall level by placing an M-mode cursor passed through the tricuspid lateral annulus in apical four-chamber view, and measuring the amount of longitudinal displacement of the annulus at peak-systole. (7) The trans-mitral and -tricuspid Doppler flow velocities were recorded from the apical fourchamber view with the sample volume placed between the tips of the mitral and tricuspid valves, respectively, and the peak early filling velocity (E), peak atrial velocity (A) were measured, and E/A ratio was calculated. (8) Pulsed-wave TDI images were acquired from the standard apical fourchamber view, a 5.2-mm sample volume was placed at the lateral tricuspid annulus, mitral septal, and mitral lateral annular sites to obtain the spectral pulsed tissue Doppler data. Three cardiac cycles were averaged for each TDI measurement.
Peak systolic annular velocity (Str), early diastolic annular velocity (Etr), and late diastolic annular velocity (Atr) of the right ventricle were measured offline; and the Etr/Atr and E/Etr ratios were calculated. Isovolumic relaxation time (IVRT) was measured as the time interval from the end of Str to the onset of Etr, isovolumic contraction time (measured as the time interval from the end of the Atr to the beginning of the Str), and ejection time (measured from the onset to the end of Str) of the right ventricle were calculated to obtain the TDIderived RV MPI with the formula: IVRT + isovolumic contraction time/ejection time. Abnormal RV MPI was defined as an MPI >0.55 [10] .
Patients were assigned as having abnormal RV function if they had a combination of at least two of: RVFAC <35%, RV MPI using TDI >0.55, TAPSE <16 mm [10, 11] .
Statistical analysis
Data was collected, verified, revised, and then edited. Categorical variables were expressed as an absolute and relative frequency (percentage), while continuous variables were presented as mean values ± standard variation. Comparisons were made between the two groups using t test for continuous variables and Chi-square test or Fisher exact test when the expected count was less than five for the qualitative data and Pearson correlation coefficient for categorical variables. Statistical analysis was performed using SPSS version 20 (SPSS Inc., Chicago, IL, USA). Difference was considered statistically significant at p < 0.05 and highly significant at p < 0.01.
Results
Descriptive patient data
The mean age was 45.9 ± 7.6 years, 22 (55%) were males, 27 (67.5%) were smokers, 35 (87.5%) FULL LENGTH ARTICLE J Saudi Heart Assoc 2019;31:261-268 were diabetic, 30 (75%) were hypertensive, 17 (42.5%) were dyslipidemic, and 15 (37.5%) had positive family history premature CAD. With regard to Killip classification, 19 (47.5%) presented with Killip class 1, 15 (37.5%) with Killip class 2, six (15%) with Killip class 3, and none with Killip class 4.
The mean pain-to-door time was (9.7 ± 4.0) hours and the mean door-to-balloon time was (1.1 ± 0.49) hours. During primary PCI predilatation in 18 patients (45%), single stent was used in 13 (75%), and two stents were used in 10 (25%) patients.
Echocardiography showed that the mean EF was (50.5 ± 9.1%), LVESD was (35.2 ± 4.8) mm, LVEDD was (52 ± 4.3) mm, whereas the mean WMSI was (1.9 ± 0.2). Mitral E/A was (1.10 ± 0.11), whereas tricuspid E/A was (1.09 ± 0.1).
With regard to RV function, the mean RVEDD was (26.8 ± 5.6) mm, RVFAC was (37.5 ± 7.5%), RAA was (16.8 ± 5.5) cm 2 , TAPSE was (14.1 ± 4.3) mm, MPI was (0.44 ± 0.18), E tr /A tr ratio was (0.76 ± 0.51), and E/E tr ratio was (5.8 ± 1.7).
Comparative analysis
According to RV function assessment based on RVFAC, RV MPI, and TAPSE, patients were classified into two groups. Group 1 (n = 22): patients were assigned as having abnormal RV function if they had a combination of at least two of TAPSE, RVFAC <35%, and RV MPI using TDI >0.55. Group 2 (n = 18): patients with normal RV function having one criterion or none of the criteria.
Comparing patients with normal and abnormal RV function (according to the abovementioned method), abnormal RV function was significantly correlated with older age of patients (42.78 ± 7.6 vs. 48.45 ± 6.47); however, there was no statistically significant difference between groups with regard to sex or predisposing risk factors (Tables 1 and 2 ).
Patients with proximal or mid left circumflex artery (LCX) lesions as well as patients with no reflow and worse procedural events were correlated with RV dysfunction ( Table 3 ). Patients with higher blood glucose levels on admission had worse RV function as well (Table 4 ). RV dysfunction was significantly correlated with poor echocardiographic LV data, larger LVESD and LVEDD, lower LVEF, and higher WMSI ( Table 5 ).
Multivariate analysis
On logistic multi-regression analysis for abnormal RV function and other variables that showed statistically significance, LCX mid or proximal affection, eventful procedure, occurrence of no reflow, glucose level, LVESD, LVEDD, and LVEF were independently significantly correlated to RV dysfunction (Table 6 ). 
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Discussion
The current study aimed to assess the RV function for 40 patients who underwent primary PCI in the Catheter Laboratory of Ain Shams University Hospital for first acute anterior STEMI without RV infarction. We found that 55% of patients had RV dysfunction using the definition of a combination of at least two of: TAPSE, RVFAC <35%, RV MPI using TDI >0.55.
Hsu et al. [4] studied a total of 102 consecutive patients admitted with the first episode of acute MI and found that 17% of the study population who presented with anterior STEMI and underwent primary PCI had RV dysfunction, yet inferior wall MI was correlated with more impairment of RV function.
Also, Karakurt and Akdemir [12] reported that 22% of their study population had abnormal MPI.
The lower incidence of RV involvement in the studies by Hsu et al. [4] and Karakurt and Akdemir [12] than in our study could be explained by higher risk profile of our patients such as diabetes mellitus (DM; 87.5%) in our study, 28.5% in Hsu et al. study [4] , and 25.9% in Karakurt and Akdemir study [12] , which may affect the microvascular integrity leading to higher incidence of RV involvement.
Higher incidence of DM could be correlated to the tertiary nature of our center and high incidence of DM in Egypt (15.6% for type 2) [13] .
Kidawa et al. [14] found that 64% of their patients had RV dysfunction measured by TAPSE; this higher incidence may be explained by the fact that they included all STEMI patients with possible occurrence of RV infarction in addition to the different assessment parameters.
Elserafy et al. [15] found RV dysfunction assessed by TAPSE to occur in 61.3% of patients presenting with non-STEMI managed by invasive strategy. Significant improvement occurred to TAPSE after 3 months compared with TAPSE at baseline.
The incidence of abnormal MPI was 55% in our study population compared with 19% in the study by Hus et al; this could also be explained by our higher risk profile [4] .
Møller et al. [16] found that 33% of the study population who presented with STEMI had abnormal conventional Doppler-derived RV MPI; this could be explained by the lower accuracy of conventional Doppler than tissue Dopplerderived MPI used in our study.
In our study, we found that older patients had significantly more RV dysfunction, whereas Hsu et al. [4] found no association between increasing age and the depressed RV function and abnormal MPI. This can be explained by the fact that our study population included rather younger patients with the mean age of 45.9 ± 7.6 years versus 59 ± 12 years in the study by Hsu et al; therefore, on comparing both groups normal and abnormal RV function, the impact of the age appear comparable with our population.
We also found patients with proximal or mid LCX lesions as well as patients with no reflow and worse procedural events to be correlated with RV dysfunction. Kidawa et al. [14] found results similar to those of our study.
Our study showed admission glucose level to be correlated with RV dysfunction, whereas Hsu et al. [4] found no relationship; however, the prevalence of DM in their population was much lower than that in our patients (28.5% vs. 87.5%). We also found that total CK was higher in patients with abnormal MPI, yet not correlated with RV dysfunction according to our definition; MPI finding is in agreement with Hsu et al. [4] , which could be explained by the larger infarction associated with higher total CK more frequently affecting RV function.
Echocardiographic assessment showed RV dysfunction to be significantly correlated with poor echocardiographic LV data, larger LVESD and LVEDD, lower LVEF, and higher WMSI. Results of Hsu et al. [4] study were in agreement with those of our study.
Similar to our data, Karakurt and Akdemir [12] reported that the RV global function assessed by RV TDI was depressed in anterior STEMI, but not in inferior STEMI regardless of the reperfusion strategy.
Independent predictors of in-hospital RV dysfunction according to our definition included LCX mid or proximal affection, eventful procedure, occurrence of no reflow, glucose level, LVESD, LVEDD, and LVEF.
RV systolic function has multitude of factors and is strongly dependent on LV function and shape and septal motion; additionally, territories of coronary arteries are overlapping with very variable overlap patterns between different patients, which can explain the correlations found.
Conclusion, recommendations, and study limitations
We conclude that affection of RV function as assessed by echocardiography is commonly associated with anterior STEMI.
Age, pain to door, predilatation, admission glucose level, WMSI, mitral E/A, tricuspid E/A, and MPI were the independent predictors of abnormal RV function.
Thus, we recommend that RV function must be assessed by echocardiography using either MPI or by the RV function assessment parameters in all patients presenting with STEMI. Educational campaigns must be launched to increase patient awareness regarding the importance of seeking medical advice promptly if chest pain occurs.
Limitations of our study include small study population and many exclusion criteria. Furthermore, RV functional recovery may occur over time after acute MI, so we could not exclude the possibility that different timing of the assessment would have resulted in different findings. Finally, we were not able to follow-up patients after dis-charge to assess the long-term effects and improvement.
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